Purpose: Medical schools are being approached by direct-to-consumer genotyping companies about genotyping faculty or trainees as a method to "teach" them about the potential implications of genotyping. In thinking about the future incorporation of genotyping into a graduate level genetics course, the purpose of this study was 2-fold: first, to assess knowledge, attitudes, and beliefs of students toward personal genomics as it related to themselves as both as customers and future physicians and as it related to consumers at large, and second, to determine the impact of the course (as taught without genotyping) on knowledge, attitudes, and beliefs. Methods: We surveyed first-year medical students and graduate students before and after a core genetics course. Results: After the course, students were less likely to believe that genotyping information would be useful to physicians, patients, or consumers; genotyping would provide information to improve their own personal health; or personal genomic testing services are diagnostic of medical conditions. They were more likely to answer knowledge questions accurately after the course but still had difficulty with clinical interpretation. Despite these changes, a slight majority of students were, and remained, interested in undergoing genotyping themselves. Of note, the number who believed genotyping "would help them understand genetic concepts better than someone else's data" decreased. General curiosity was the most commonly chosen reason for interest in undergoing genotyping, and approximately 50% of respondents expressed concern about confidentiality of results. Conclusions: In conclusion, even without the genotyping process, an educational program about genotyping increased knowledge, particularly about the clinical limitations of genotyping, but student interest in genotyping did not significantly change. Institutions thinking about offering genotyping to their students as part of a learning experience should consider the pros and cons of doing so. Genet Med 2011:13(5):400 -408.
" P ersonal genome" testing (PGT) services that are commercially available as direct-to-consumer (DTC) tests from a number of sources such as Navigenics, 23&Me, or deCODEme, promise to revolutionize health care. For the purposes of this study, we define PGT as whole-genome analysis that is directly available to consumers for the purpose of identifying healthrelated genes or genotypes. At this point, such services are primarily based on single nucleotide polymorphism (SNP) genotyping. Indeed, TIME magazine named the Retail DNA Test as its 2008 Invention of the Year. 1 Community hospitals (such as El Camino Hospital in Mountain View, CA) are also beginning to incorporate genetic testing and genome-wide analysis into health care as the core of personalized medicine programs. Others, such as the Coriell Institute for Medical Research are testing the utility of personal genomics in large research-based populations.
However, in the face of this expansion, there are concerns that genetic testing is not adequately regulated to ensure a minimum level of safety and efficacy, [2] [3] [4] [5] [6] the results of such tests could provide little improvement to health but drive up costs of health care, 7, 8 and advertising and information provided about DTC tests are inaccurate. 9, 10 There is also concern about the genetic literacy of clinicians [11] [12] [13] and how they will communicate information about personalized genomics to their patients. Physicians in all specialties and genetics professionals will be at the forefront of caring for and counseling users of PGT services. In addition, they are likely to be at the leading edge as consumers, potentially being early adopters of genetic and associated informatics technology. 14 Even if PGT services do not require the involvement of clinicians, the companies providing the services encourage discussing results with health care providers, and limited data suggest that potential consumers who reported being interested in obtaining PGT services would likely consult a physician about the results. 15 Therefore, because they could be asked to provide counseling and follow-up clinical services as a result of consumers acquiring PGT, it is important to understand what clinicians and trainees know and think about such services.
Because of the potential future importance of personal genomics in medicine and translational research, faculty at Stanford University School of Medicine considered plans to incorporate genotyping of students into genetics courses to enhance the learning process. These plans proposed to offer genotyping services to students, who would receive their individual test results confidentially so that others would not know who obtained their genotypes or what the results were, but some proposals included group analysis of data in class sessions and others included the manipulation of personal genome data in classroom learning exercises. These proposals engendered debate on campus about whether such genotyping should be conducted, and if so how, with the discussion centered on issues of privacy and confidentiality of results, potential for coercion, conflicts of interest and perception of institutional endorsement of commercial services, need for counseling and medical follow-up of genetic results, and potential for psychosocial and other harms.
These discussions eventually resulted in one such course being offered, but before that happened, we conducted an anonymous survey of medical and graduate students enrolled in the introductory human genetics course at Stanford University School of Medicine to evaluate the students' attitudes toward and knowledge about PGT. Although it was not the primary purpose of the course, we asked respondents to think about PGT services as it related to them as both as customers and future physicians and as it related to consumers at large. We also evaluated the effect of the course on attitudes and knowledge by administering the survey before and after the course.
MATERIALS AND METHODS

Participants
The study population comprised students enrolled in a human genetics course (GENE 202) at Stanford University School of Medicine. First-year medical students are required to enroll in this core course or to take another upper-level genetics course that is more research-oriented. Approximately 76 first-year medical students and 10 other students (primarily undergraduates planning to enter medicine or an allied health field, students completing a masters degree in a biological science, or medical residents/fellows, typically in obstetrics or maternal fetal medicine) were enrolled in GENE 202 during Fall Quarter 2009. Participation in this study was anonymous and voluntary and was not in any way linked to their completion of, or grade in, the course, and the survey links were sent to all students in the class on two separate occasions. Forty-three participants completed the first survey (48% response rate) and 31 participants completed the second survey (36% response rate). To maintain anonymity, the two surveys were not linked, and we did not collect demographic information on respondents. However, aggregate demographic information on the first-year medical student class (N ϭ 86) is as follows: mean age, 24 years (range, 21-34 years); 53% female; and 19% from underrepresented minority groups (defined as African American, Latino, Native American, Native Hawaiian, and Southeast Asian). To further maintain anonymity, no information was collected about computer Internet Protocol addresses. Secure Sockets Layer technology was used to maintain confidentiality of results.
Course curriculum
The human genetics course was directed by two of the authors (K.O. and L.H.). It came after a 22-hour Molecular Medicine course required of all medical students (but not taken by the other students enrolled in GENE 202). The earlier course had spent 4 hours introducing students to basic concepts in molecular biology including SNPs and to PGT using the example of a course director's personal testing results. The human genetics course encompassed 32 hours of instruction and covered topics of clinical importance in human genetics and genetic counseling. Approximately 8 hours of the course were devoted to genotyping and whole genome sequencing, with lectures (primarily given by K.O. and other university faculty) that included an overview of genomewide association studies and whole genome sequencing technologies. Faculty used specific examples in their teachings (such as broadly reviewing diabetes studies and their clinical validity and utility) and compared information available from several DTC testing companies and nonprofit projects, but they did not present specific scenarios similar to the questions asked in the clinical scenarios portion of the survey. Other authors provided additional ethics instruction on confidentiality (D.M.) and facilitated a mandatory discussion on the social and ethical applications of such information (K.O. and H.G.).
Survey
The survey was constructed to assess respondents' beliefs, attitudes, and knowledge about personal genomics. The same survey, containing identical questions in the same order, was completed at the beginning of the course and 8 weeks later at the end of all instruction.
On the basis of the questionnaire developed by McGuire et al., 15 we created a survey that included 43 Likert-scale and multiple-choice questions. Questions addressed three areas: (1) general views toward personal genotyping, (2) views toward personal genotyping as part of a class process, and (3) knowledge questions about interpreting personal genome results. The majority of these closed-ended questions were answered on a five-point Likert scale (e.g., strongly disagree, disagree, neutral, agree, and strongly agree) or with multiple-choice answers that included the option of "I have no idea how to answer this question." Approximately one-third of the questionnaire (18 questions) was devoted to questions from McGuire et al. Another third (16 questions) was made up of questions specific to the use of genotyping in the context of a course. The final section included three clinical scenarios that asked three questions each, about interpretation of genotype data, impact of various clinical factors presented in the scenario on understanding of the case, and how the patient should be counseled.
The survey was distributed through SurveyMonkey.com, an online site for survey administration and data collection. Each precourse and postcourse survey remained open for responses for approximately 1 week. After the initial email containing the survey link, one reminder was sent to students the day before the close of each survey. Each survey took approximately 45 minutes to complete.
The Stanford University Institutional Review Board approved this research, and informed consent was obtained from all participants. No compensation was provided for participation; however, students were informed that the faculty at the School of Medicine was debating whether to proceed with an offer of genotyping to students as part of learning experience, and that their input on these surveys would be taken under consideration as part of the discussion.
Data analysis
SPSS 17.0 was used to analyze data. To ensure the anonymity of respondents, responses were not paired. Therefore, precourse and postcourse paired data analysis was not possible. Instead, descriptive statistics were analyzed for each of the precourse and the postcourse summary results separately. Data were then compared between the two surveys using Fisher exact tests to discern changes in beliefs, attitudes, and knowledge about genotyping information and DTC genetic testing services. We present statistical significance at the P ϭ 0.10 level due to the small sample size in this study. Table 1 describes the basic views about PGT services. Before the course, 63% of respondents felt that genome-wide association studies information about common complex traits would be useful for physicians. After the course, however, respondents were less likely to view the information as having utility for the physicians (32%; P ϭ 0.009), patients (47% precourse to 23% postcourse; P ϭ 0.094, NS), or consumers in general (84% precourse to 52% postcourse). However, after the course, students were less likely to view personal genome test results as diagnostic of a medical condition or disease (31% precourse to 16% postcourse).
RESULTS
General views about PGT services
Most respondents believed that they themselves understood the risks and benefits of using personal genome services (61% precourse and 73% postcourse). However, no respondents pre- course or postcourse felt that most of the general public could accurately interpret the results, and very few (3% before and after the course) believed that personal genomics companies provide clients with everything they need to know to make informed decisions about using their services.
Professional responsibilities in and regulation of personal genomic testing
Before course instruction, 87% of respondents agreed or strongly agreed that physicians have a responsibility to help patients interpret the results of personal genome tests, compared with 70% after the course (Table 1) . Similarly, the majority of respondents (71% precourse and 80% postcourse) felt that companies should provide a medical expert to help clients interpret results. However, few respondents agreed or strongly agreed (29% precourse and 7% postcourse; P ϭ 0.005) that physicians actually have enough knowledge to aid in interpretation of test results.
In terms of overarching guidelines for PGT services, most respondents were neutral about (32% precourse and 43% post- Table 2 Reasons for using (or not using) a personal genome service for self and perceptions about why such services would be useful (or not) for a consumer 
Interest in undergoing PGT services
We found that 57% of respondents were interested in undergoing PGT services before the genetics course, and 55% were interested after the course, which was not a significant difference. The modal response for what students would be willing to pay for this service was $25; more than 75% selected price options at $100 or less, and 16 -20% stated "none." Respondents were slightly more willing to pay for services on the second survey.
Reasons for desiring to undergo PGT services are listed in Table 2 . General curiosity was overwhelmingly the most frequently chosen reason for being interested in undergoing PGT both before (96%) and after the course (94%). Although respondents were less interested in PGT services for learning whether a disease ran in the family after taking the course (84% precourse and 71% postcourse), they were more interested in understanding the patients' experiences with PGT services (64% precourse and 71% postcourse) and less interested in the idea that they would inform their own family members about health risks (44% precourse and 18% postcourse; P ϭ 0.072, NS).
Of those students who were not interested in undergoing PGT services, the most frequently indicated reasons for not being interested were concerns about privacy (58% precourse and 57% postcourse) or receiving unwanted information (52% precourse and 43% postcourse). There were statistically significant increases in those who were not interested in undergoing genotyping because it was seen as unreliable (P ϭ 0.042), it would not be medically useful (P ϭ 0.042), and it would not help learn human genetics (P ϭ 0.042).
Of note, there was a statistically significant decrease in students who felt that "personal genomic testing is useful for consumers" (84% precourse to 54% postcourse; P ϭ 0.004), and students were also less likely to feel that the information was useful with regard to informing other family members about health risks (80% precourse to 56% postcourse; P ϭ 0.088, NS). Table 3 reviews the respondents' views toward the offer of PGT services in parallel with a human genetics course. A majority of respondents (85% precourse and 77% postcourse) felt that it was an opportunity to get a service that they would not otherwise get if they had to pay full price. After the course, fewer students felt that their own genetic testing results would help them understand genetic concepts better than someone else's results (67% precourse and 45% postcourse; P ϭ 0.056) or that it would provide information that would help improve their own health (77% precourse to 55% postcourse; P ϭ 0.088, NS). Approximately half of the respondents both precourse and postcourse had some concern that others would find out genetic or health information about them, but fewer participants were concerned that professors or classmates would find out who took up the testing offer (13% both precourse and postcourse) or that they would be at a disadvantage compared with classmates (28% precourse and 23% postcourse). Respondents felt more strongly about the availability of genetic counseling after receiving results (41% precourse and 52% postcourse) than before undergoing testing (23% both precourse and postcourse), and more than half of them, both precourse and postcourse, acknowledged that they may receive results that were disturbing. Tables 4 to 6 show the responses to clinical scenarios asking students to interpret genotype results modified from those currently available via DTC personal genetic testing. (Each of these three scenarios is fictional, but based on information an individual may currently obtain from a DTC genetic testing company for complex adult conditions.) A minority initially selected the correct interpretation in any of the three cases, although this percentage did increase in all scenarios after the human genetics a You have a 37-year-old patient who has a family history of breast and ovarian cancer (her mother with bilateral breast cancer at the age of 45 years, her maternal aunt with ovarian cancer at the age of 52 years, and her maternal grandmother with bilateral breast cancer at the age of 50 years). Because she did not want her insurance company to discriminate against her, she underwent testing through a DTC genetic testing company. She wants you to help her understand her testing results so that she can undergo any appropriate screening and/or prophylactic surgeries. As epidemiologic background, 13% of the population develops breast cancer in their lifetime, and 5-10% of cases of breast cancer are estimated to be due to a genetic predisposition. The three studies that addressed the SNPs listed below were published in 2007. They are all case-control studies that include between 1,600 -18,290 cases and 4,316 -22,670 controls. The odds ratios ranged between 0.74 and 1.16, depending on the SNP and the study. Your patient's results are as follows, and the company interprets this combination of results as a 9% lifetime risk: TNRC9, Ϫϩ; FGFR2, ϩϩ; Chr2.217614077, Ϫϩ; CASP8 ϪϪ; MAP3K1, ϩϪ; Chr8.128424800, ϩϩ; and LSP1, ϩϩ. Presume that ϩ represents the low-risk allele and Ϫ represents the at-risk allele.
PGT services in the context of a course
Responses to clinical scenarios
course (Scenario 1: P Ͻ 0.001). Of note, approximately onethird of all respondents selected "I have no idea what these results mean" even on the postcourse survey, and they were easily distracted by information that was not directly relevant to the case interpretation.
DISCUSSION
Overall, our results suggest that courses on human genetics that specifically teach concepts about genotyping can be effective at educating students about the limitations of DTC genomics and can change beliefs about the utility of such test results, even without providing genotyping results to individuals. Indeed, students were more skeptical about the educational value of actually getting genotyped after taking the course. However, the course did not seem to change interest in actually receiving genotyping results significantly, perhaps because interest seemed largely motivated by a general sense of curiosity rather than obtaining specific information believed to be clinically useful.
General knowledge and attitudes about PGT services
Overall, before taking the course, students responded similarly, in many ways, to the respondents of the survey of Facebook users reported by McGuire et al. 15 The demographics of both groups were quite similar although our sample was slightly younger on average (Ͻ30 years vs. 35 years) and virtually all had at least a bachelor's degree (or were in the process of completing a premedical curriculum) when compared with McGuire's sample of Facebook users (39%). There was similar interest in using personal genomics between the two groups (57% in our precourse sample vs. 64% in the sample of Facebook users) and similar reasons for using PGT services: general curiosity (96% in our sample vs. 81% of the Facebook users), to determine if a disease ran in the family (84% in our sample vs. 75% in McGuire's study). However, there were similar proportions of the two samples of those concerned about cost of PGT services (42% in our sample vs. 40% in McGuire's sample).
However, respondents to McGuire's survey who were not interested in PGT services were less concerned than our student sample about the reliability of the results (21%), privacy (39%), a Your patient comes to see you with the results from their genomic testing through a DTC genetic testing company. You see that they have undergone genetic testing for hemochromatosis. Through your research on websites like OMIM you learn that hemochromatosis is a condition that is inherited in an autosomal recessive manner with decreased penetrance (estimates vary from 1 to 10% depending on the specific mutation). You also learn that the treatments for hemochromatosis are regular phlebotomy to reduce the chance for clinical complications due to iron overload. The results are as follows: HFE-C282Y, ϩϩ; HFE-H63D, ϩϪ; and HFE-S65C, ϩϩ. Presume that ϩ represents the low-risk allele and Ϫ represents the at-risk allele.
utility of returned information (53%), or receipt of unwanted information (21%). This difference might reflect a greater familiarity with genetics or biology among our student sample. Our sample, largely composed of future physicians, was much less confident of their own knowledge about genetics or the ability of their future patients to understand results of PGT services than respondents in McGuire's survey, even before taking the course. Nevertheless, the majority of students still believed that physicians have a professional responsibility to help patients interpret the results of PGT services, although fewer agreed that they had such responsibility after the course. This change may reflect an appreciation for the complexity of the information and realization of how this may impact the future role of physicians.
Our sample was far more skeptical than McGuire's respondents that customers are adequately informed by personal genome companies, but most felt that these companies should provide customers with access to medical experts. The greater concerns about PGT services in our sample, including worries about reliability and utility of results, might have led to greater awareness of potential shortcomings of information provided by personal genome companies and greater desire for involvement of medical experts.
Impact of a human genetics course
Completing a graduate level human genetics course clearly had a significant effect on students' views and understanding of PGT services. Students spent a considerable number of course hours covering SNP analysis and genotyping, which might have increased understanding of the clinical and other limitations of PGT services. After the course, students were much less likely to agree that genotyping information of the type that is commercially available would be useful to patients, consumers, or physicians, and they were much less likely to feel that PGT Best answers in bold. a Your patient has a grandparent with macular degeneration. He is concerned about the chance he may develop it. About 3% of the population develops macular degeneration, and you learn that about 66% of the risk for macular degeneration is due to a genetic predisposition. You also learn that one of the studies that influenced available genetic testing included 4757 phenotyped subjects, but that not all of them had genetic testing results. You review their genetic testing results and find the following: LOC387715-S69A, Ϫϩ; CFH-intron, ϪϪ; CFB, ϪϪ; C2-E318D, ϪϪ; CFH-Y402H, Ϫϩ; and C3-R80G, ϪϪ.
Presume that ϩ represents the low-risk allele and Ϫ represents the at-risk allele.
services provide reliable information. Nevertheless, even after many hours of course work, students still had difficulty interpreting genotyping data in the context of clinical scenarios. In two of three scenarios, less than half of the respondents gave the answer(s) reflecting the best clinical interpretation(s) of the genotyping results, even after taking the course. This difficulty highlights the complexity of understanding the clinical implications of genotypes and suggests that additional and/or different types of education are needed for adequate understanding of application of genotyping data to a clinical context. However, despite an increased understanding of the limitations of PGT services, student interest in undergoing genotyping did not significantly change. These results suggest that education about human genetics significantly changes beliefs about PGT services among a group of educated potential consumers and clinicians-in-training, but that these changes do not alter reported interest in being genotyped.
Limitations
The generalizability of our study is limited by the relatively small sample size and lack of direct before-after comparison to enhance anonymity. In addition, we do not know the extent to which the presence of nonmedical students may have biased the results (particularly because those students did not take the Molecular Medicine course), and we are not able to assess how many nonmedical students completed each survey. Finally, because this survey measure is not validated, it remains possible that some of our findings are related to unclear wording or confusion in the questions.
Implications for educational institutions
Our survey results suggest that medical schools and universities that are considering the addition of personal genotyping to their educational programs should consider the issues of student vulnerability, confidentiality, and availability of genetic counseling postresults as part of any processes developed. Furthermore, given the difficulty in accurately responding to clinical scenarios even after completing a medical genetics course supports the difficulty of providing sufficient information to students to facilitate adequate interpretation of genotyping results. Undergraduate students, especially those less familiar with biology, genetics, and medical principles, could be at a greater disadvantage in understanding the benefits and limitations of PGT services.
Given that a large proportion of our students did not feel that genotyping would help in learning about human genetics and that most were interested in genotyping on the basis of "curiosity," the educational benefits of actually providing PGT services should be rigorously evaluated, and studies are needed in programs that do incorporate genotyping to determine what influence, if any, there is on the learning process. Programs should also consider whether having the school subsidize the cost of genotyping the students too strongly encourages students to be genotyped, because of the high cost of PGT services at this time and the inability or unwillingness of students to pay for such services on their own. Finally, educational institutions should consider recently reported investigations of personal genomics companies by the General Accounting Office and hearings by the Food and Drug Administration and Congress have questioned the reliability and clinical validity of such services in deciding whether such services are appropriate to offer in the absence of professional clinical guidance. 16 
